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COLOR CONVERSION CHARACTERISTIC DETERMINING METHOD, 
IMAGE DISPLAY DEVICE, AND RECORDING MEDIUM 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of determining 
the color conversion characteristic of an image display device, 
such as a monitor, which displays color images, and which has 
a color conversion means converting, on a pixel-by-pixel basis , 
image data, referring to the color conversion characteristic. 
The invention also relates to an image display device having 
a color conversion means using the color conversion 
characteristic determined by such a color conversion 
characteristic determining method. 

A conventional method of determining color conversion 
characteristic in an image display device is first described 
with reference to Fig. 10. Fig. 10 shows the configuration of 
a device using an image adjustment method disclosed in Japanese 
Patent Kokai Publication No. H5-48885. In Fig. 10, reference 
numeral 104 denotes a keyboard, 105 denotes a mouse, 106 denotes 
an input means, 107 denotes a controller, 108 denotes an input 
circuit, 109 denotes a memory, 110 denotes a CPU, 111 denotes 
an output circuit, 112 denotes an image display unit, 113 
denotes an original image, 114a to 114h denote processed 
images, 115 denotes set parameter s and 116 denotes a hardcopy 
device. The keyboard 104 and the mouse 105 are examples of 
input means 106. The controller 107 comprises the input 
circuit 108 connected to the input means 106, the memory 109, 
the CPU 110 , and the output circuit 111 . The image display unit 
112 is driven by the output circuit 111. 

The illustrated color conversion characteristic 
determining method simulates the operation of the hardcopy 
device, and displays the image output from the hardcopy device 
on the image display device, and permits determination of the 
optimum color conversion characteristic for the hardcopy 
device, while observing the simulated images displayed on the 



image display device. The conventional method relates to a 
hardcopy device, but the concept of the color conversion 
characteristic determining method can be applied to image 
display devices. The operation of the color conversion 
characteristic determining method of Fig. 10 will next be 
described. 

The memory 109 stores a color conversion simulation program. 
The CPU 110 executes the program stored in the memory 109. 
First, image data used for the color conversion simulation is 
input. The input image data is displayed on the screen of the 
image display unit 112. Then, the specific manner of 
processing is input by the use of the input means 106, and the 
color conversion simulated by the hardcopy device 116 is 
performed on the input image data, according to the designated 
manner of processing. The color-converted, processed images 
114a to 114h are displayed on the screen of the image display 
unit 112, together with the original image 113. When the 
parameters for the color conversion are changed in multiple 
steps, the processed images are displayed together, arranged 
in an array. By selecting the processed image which is closest 
to the original image 113, the optimum parameters, i.e., the 
optimum conversion characteristic can be determined. When a 
plurality of color conversion parameters are determined, the 
operation similar to that described above is repeated for each 
of the parameters to determine the value of each of the 
parameters, in turn. The-thus determined color conversion 

parameters are sent to the hardcopy device. 

The above color conversion characteristic determining 
method simulates the color conversion according to the specific 
manner of processing, designated by the input means 106, and 
permits the selection of the optimum image among the plurality 
of processed images, to thereby determine the color conversion 
parameters, i.e. , the color conversion characteristic, so that 
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it has an advantage that the operator can determine the color 
conversion parameters, i.e., the color conversion 
characteristic easily. 

However, because the color conversion characteristic is 
determined according to the visual perception of the operator, 
it is not suitable for the determination of the color conversion 
characteristic for bringing the color reproduction closer to 
that of the standard, such as the sRGB standard, or NTSC standard. 
Moreover, the operator needs to have a clear idea of the image 
in the target color reproduction. If the target color 
reproduction is given in terms of numerical values, such as 
the chromaticity of the three primary colors, or the 
chromaticity of the white, then the operator cannot select the 
suitable one from among those obtained by simulation. 

If the target color reproduction is given only in terms 
of numerical values, such as the chromaticity of the three 
primary colors, or the chromaticity of white, the method shown 
in Fig. 11 may be used. Fig. 11 shows a color conversion 
characteristic determining method which can be applied to an 
image display device including a color conversion 
characteristic holding means holding the color conversion 
characteristic, a color conversion means converting, on a 
pixel-by-pixel basis, the image data referring to the color 
conversion characteristic, and an image display means 
displaying the image data obtained by the color conversion at 
the color conversion means. This method is described next. 

First, a color conversion characteristic candidate which 
is a candidate for the color conversion characteristic 
ultimately adopted is selected. Then, the color conversion 
characteristic candidate is set in the color conversion 
characteristic holding means. Then, tristimulus values 
according to the XYZ color system are measured for the colors 
displayed on the image display means, for each of a 
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predetermined number of the image data (data having the same 
color throughout the screen) . On the other hand, tristimulus 
values in the target color reproduction for the corresponding 
image data are calculated. The tristimulus values obtained by 
measurement and the tristimulus values obtained by calculation 
are compared. If the result of the comparison indicates "NG 
(the predetermined condition is not satisfied) " a new color 
conversion characteristic candidate is selected, and set in 
the color conversion characteristic holding means. If the 
result of the comparison indicates "OK (the predetermined 
condition is satisfied)", then the color conversion 
characteristic candidate being used is output as the color 
conversion characteristic, and the processing for determining 

the color conversion characteristic is terminated. 

For the measurement of the tristimulus values of the colors 
displayed on the image display means, it takes several seconds 
for each color. In the case of a high-precision measurement, 
it takes one minute or longer for each color. If the 
measurement is performed for each of 60 kinds (60 colors) of 
image data, and the tristimulus values are measured for each 
color, and it takes 10 seconds for each color, then it takes 
10 minutes for the 60 colors. If the selection of the color 
conversion characteristic candidate through the comparison of 
the tristimulus values are repeated 50 times, the total time 
required is 500 minutes. The total time required for the 
determination is the sum of the time required for the 
measurement, and the time required for other works. When a 
high-precision measurement is performed, or when it is 
necessary to measure the tristimulus values of the colors 
displayed for a greater number of image data, or if it is 
necessary to repeat the selection of the color conversion 
characteristic candidate through the comparison of the 
tristimulus values a greater number of times, then even a longer 
time is required. 
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Thus, in the method in which a color conversion 
characteristic candidate is set in the color conversion 
characteristic holding means, and the tristimulus values of 
displayed colors are measured, it takes a long time for the 
determination of the color conversion characteristic, 
including the time for measurement of the tristimulus values 
of displayed colors. 

SUMMARY OF THE INVENTION 

The present invention has been made to solve the problems 
described above, and its object is to provide a color conversion 
characteristic determining method by which it is possible to 
determine the color conversion characteristic for bringing the 
color reproduction close to the ideal color reproduction 
according to the standard, and by which it is possible to 
determine the color conversion characteristic in a short time. 

Another object of the invention is to provide an image 
display device using the color conversion characteristic 
determined by the above-mentioned color conversion 
characteristic determining method. 

According to one aspect of the invention, there is provided 
a color conversion characteristic determining method for use 
with an image display device including a color conversion 
characteristic holding means holding a color conversion 
characteristic; a color conversion means converting, on a 
pixel-by-pixel basis, an image data represented by three or 
more colors, referring to said color conversion 
characteristic; and an image display means performing display 
based on the image data color-converted by said color conversion 
means; said method comprising the steps of: 

(a) setting a conversion characteristic candidate, which is 
a candidate of said color conversion characteristic; 

(b) generating sets of predetermined input image data; 

(c) determining, using the color conversion characteristic 
candidate that has been set, predicted color-converted data, 
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which are predicted values of the data output from said cqlor 
conversion means when said input image data are input; 

(d) determining predicted tristimulus values, which are 
predicted values of tristimulus values of the colors that are 
displayed on said image display means when said predicted 
color-converted data are supplied; and 

(e) evaluating said predicted tristimulus values; 
wherein said steps (c) , (d) and (e) are repeated after 

determining a new color conversion characteristic candidate 
when said predicted tristimulus values are not found to satisfy 
a predetermined condition as a result of the evaluation of said 
predicted tristimulus values , and 

said color conversion characteristic candidate then being 
used is adopted as said color conversion characteristic, when 
said predicted tristimulus values are found to satisfy the 
predetermined condition . 

With the above arrangement, the tristimulus values of 
colors are determined by prediction calculation, so that it 
is not necessary to measure the tristimulus values of colors 
displayed on the image display means each time the color 
conversion characteristic candidate is set (initially set or 
altered) , and the tristimulus values of colors displayed on 
the image display means need to be measured only when the 
characteristic of the image display means used for the 
prediction calculation is determined. Accordingly, the time 
required for the determination of the color conversion 
characteristic can be reduced substantially. Moreover, the 
color conversion characteristic is determined by comparing the 
predicted tristimulus values and the tristimulus values in the 
target color reproduction, it is possible to determine the color 
conversion characteristic realizing a color reproduction close 
to the ideal color reproduction according to sRGB, NTSC or like 
standard. For this reason, even when the operator does not have 
a clear idea of the image in the target color reproduction, 
it is possible to determine the color conversion 



characteristic. 

Said step (d) of determining said predicted tristimulus 
values may include the steps of: 

(dl) determining predicted image display data which are 
predicted values of the data input to said image display means, 
based on said predicted color-converted data; and 

(d2) determining predicted tristimulus values which are 
predicted values of tristimulus values of colors displayed on 
said image display means, based on said predicted image display 
data . 

With the above arrangement, it is possible to determine 
the color conversion characteristic even when the color- 
converted data output from the color conversion means and the 
image display data input to the image display means are 
different from each other. 

Said predicted image display data and said predicted 
color-converted data may be identical to each other. 

With the above arrangement, when the color-converted data 
output from the color conversion means and the image display 
data input to the image display means are identical to each 
other (for example, when the output of the color conversion 
means are supplied to the image display means without 
alteration) the color conversion characteristic can be 
determined . 

Said step (e) of evaluating said predicted tristimulus 
values may include the steps of: 

(el) determining target tristimulus values which are 
tristimulus values in the target color reproduction 
characteristic, based on said input image data; 

(e2) determining color differences between said predicted 
tristimulus values and said target tristimulus values; and 

(e3) comparing the color differences between said predicted 
tristimulus values and said target tristimulus values as 
determined at said step (e2), with a predetermined reference 
value . 
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With the above arrangement, it is possible to evaluate the 
predicted tristimulus values, using the color differences. As 
a result, it is possible to determine the color conversion 
characteristic, without relying on the operator's subjective 
evaluation (evaluation by means of the sense of sight) . 

Said tristimulus values may be tristimulus values 
according to XYZ color system. 

With the above arrangement, it is possible to determine 
the color conversion characteristic using tristimulus values 
according to the XYZ color system which is widely used. 

The color differences between said predicted tristimulus 
values and said target tristimulus values may be the color 
differences determined by the color difference formula 
according to the CIE1976 L*a*b* color system. 

With the above arrangement, it is possible to evaluate the 
color differences using the color difference formula according 
to the CIE1976 L*a*b* color system representing a uniform color 
space, which is widely used for calculation of the color 
difference . 

The color differences between said predicted tristimulus 
values and said target tristimulus values may be color 
differences determined by the CIE1994 color difference 
formula . 

With the above arrangement, it is possible to evaluate the 
color differences using the CIE1994 color difference formula, 
the color differences determined thereby being generally 
coinciding closely in magnitude with those by the sense of 
sight . 

Said step (d2) of calculating said predicted tristimulus 
values may include the steps of: 

(d21) calculating predicted monochromatic tristimulus values 
which are predicted values of said tristimulus values of colors 
displayed on said image display means, based on each 
monochromatic component of said predicted image display data; 
and 
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(d22) calculating said predicted tristimulus values, using 
said predicted monochromatic tristimulus values. 

With the above arrangement, it is possible to determine 
the predicted tristimulus values accurately. 

Said step (d21) of calculating said predicted 
monochromatic tristimulus values may include calculating the 
predicted monochromatic tristimulus values according to a 
higher-order polynomial using said predicted image display 
data . 

With the above arrangement, it is possible to calculate 
the predicted monochromatic tristimulus values accurately. 

Said step of calculating said predicted monochromatic 
tristimulus values may include calculating the predicted 
monochromatic tristimulus values Xr , Yr, Zr, Xg, Yg, Zg, Xb , 
Yb, Zb, according to the following formulae (1) to (3) , using 
said predicted image display data Rl , Gl, Bl , and coefficients 
ARij , AGij , Abij (i = 1 to 3, j = lton, n being an integer 
not smaller than 3) . 



. . . (1) 
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... (3) 

With the above arrangement, it is possible to 
determine the predicted monochromatic tristimulus values 
accurately, using simple formulae consisting of 
multiplications and additions. 

Said step (d22) of calculating said predicted tristimulus 
values from said predicted monochromatic tristimulus values 
includes calculating the predicted tristimulus values 
according to polynomials using said predicted monochromatic 
tristimulus values. 

With the above arrangement, it is possible to calculate 
the predicted tristimulus values accurately using the 
predicted monochromatic tristimulus values. 

Said step (d22) of calculating said predicted tristimulus 
values from said predicted monochromatic tristimulus values 
may include calculating the predicted tristimulus values X, 
Y, Z according to the following formula (4) using said predicted 
monochromatic tristimulus values Xr, Yr f Zr, Xg , Yg, Zg, Xb r 
Yb, Zb, and coefficients Eik (i = 1 to- 3 , k = 1 to 30). 
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With the above arrangeemnt , it is possible to calculate 
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the predicted tristimulus values accurately using simple 
formulae consisting of multiplications and additions. 

Said step (d22) of calculating said predicted tristimulus 
values from said predicted monochromatic tristimulus values 
includes calculating predicted tristimulus values X, Y, Z 
according to the following formula (5) using said predicted 
monochromatic tristimulus values Xr, Yr, Zr, Xg, Yg, Zg, Xb , 
Yb, Zb, and coefficients Eik(i = 1 to 3 , k = 1 to 39). 
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... (5) 

With the above arrangement, it is possible to calculate 
the predicted tristimulus values more accurately using 
formulae including calculation of the square roots. 

According another aspect of the invention, there is 
provided an image display device including a color conversion 
characteristic holding means (3) holding color conversion 
characteristic; a color conversion means (2) converting, on 
pixel-by-pixel basis, image data represented by three or more 
colors, referring to said color conversion characteristic; and 
an image display means (5) performing display of the image data 
obtained by color conversion at said color conversion means 
(2) ; 

wherein color conversion characteristic determined in 
accordance with the above-described method are held in said 
color conversion characteristic holding means. 

With the above arrangement, it is possible to reduce the 
time required for determining the color conversion 
characteristic substantially. Moreover, if the color 
conversion characteristic is determined by comparing the 
tristimulus values in the target color reproduction, and the 
predicted tristimulus values, it is possible to determine the 
color conversion characteristic realizing a color reproduction 
close to the ideal color reproduction according to the sRGB, 
NTSC or like standard. Moreover, it is possible to determine 
the color conversion characteristic even when the operator does 
not have a clear idea of the image in the target color 
reproduction . 

According to a further aspect of the invention, there is 
provided a recording medium which can be read by a computer 
system, and which stores a computer program for causing a 
computer system to implement the above-described method. 

With the above arrangement, it is possible to have a 
computer system implement the above-described method. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings : - 

Fig. 1 is a block diagram showing an example of an image 
display device displaying images using the color conversion 
characteristic calculated by the color conversion 
characteristic determining method according to Embodiment 1 
of the present invention; 

Fig. 2 is a block diagram shown a measurement device and 
a computer system used for implementing the color conversion 
characteristic determining method according to Embodiment 1 
of the present invention; 

Fig. 3 is a flowchart showing the processing for measuring 
the characteristic of the image display means according to 
Embodiment 1 of the present invention; 

Fig. 4 is a flowchart showing the processing of color 
conversion characteristic determining method according to 
Embodiment 1 of the present invention; 

Fig. 5 is a flowchart showing the processing of the step 

524 for calculating the predicted tristimulus values in the 
color conversion characteristic determining method according 
to Embodiment 1 of the present invention; 

Fig. 6 is an XY chromaticity diagram showing the predicted 
tristimulus values and the measured values; 

Fig. 7 is a diagram showing the R, G and B signal values 
for 159 colors used for calculation of the color difference; 

Fig. 8 is a flowchart showing the processing of the step 

525 for evaluating the predicted tristimulus values in the color 
conversion characteristic determining method according to 
Embodiment 1 of the present invention; 

Fig. 9 an XY chromaticity diagram showing the predicted 
tristimulus values as determined by the formula in the color 
conversion characteristic determining method according to 
Embodiment 6 of the present invention, and the measured values; 

Fig. 10 is a diagram showing an example of conventional 
color conversion characteristic determining method; and 
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Fig. 11 is a diagram showing another example of color 
conversion characteristic determining method which is 
different from the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the invention will now be described with 
reference to the accompanying drawings. 
Embodiment 1 . 

Fig. 1 is a block diagram showing an example of an image 
display device which displays images using the color conversion 
characteristic determined by a color conversion characteristic 
determining method according to the present embodiment . In Fig . 
1, reference numeral 1 denotes an input image data processing 
means, 2 denotes a color conversion means, 3 denotes a color 
conversion characteristic holding means, 4 denotes an image 
display data output means , and 5 denotes an image display means . 

Input to the input image data processing means 1 are image 
data RO , GO, BO formed of three color data. The input image 
data RO , GO, BO are subjected to input image processing at the 
input image data processing means 1, and are output as 
input-processed image data R2 , G2 , B2 formed of three color 
data. The input image processing may involve tone correction 
processing suitable for the characteristic of the input image 
data. The input-processed image data R2 , G2 , B2 output from 
the input image data processing means 1 are input to the color 
conversion means 2. 

The color conversion characteristic holding means 3 holds 
the color conversion characteristic calculated by a color 
conversion characteristic determining method according to the 
present embodiment, as will be described later. The color 
conversion means 2 performs color conversion on the input- 
processed image data R2 , G2 , B2 , using the color conversion 
characteristic stored in the color conversion characteristic 
holding means 3, and determines and outputs color-converted 
data R3 , G3 , B3 formed of three color data. The color 
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conversion processing performed at the color conversion means 
2 may be one using a look-up table, or one using a matrix 
calculation . 

The color conversion means 2 and the color conversion 
characteristic holding means 3 may be those disclosed in 
Japanese Patent Application No. 326005/99. The color 
conversion means shown in Application No. 326005/99 is one using 
a matrix calculation for color conversion, and the color 
conversion characteristic is represented by the coefficients 
used in the matrix calculation. For instance, when the color 
conversion device performing the color conversion using the 
matrix calculation of formula No. 1 in Japanese Patent 
Application No. 326005/00 is used, the color conversion 
characteristic is represented by coefficient matrixes Eij (i 
= 1 to 3 , j = 1 to 3) , and Fij (i = 1 to 3, j = 1 to 18) . By 
altering part or all of the coefficients forming the coefficient 
matrixes, the conversion characteristic can be altered. 

When the color conversion is performed using a look-up 
table, the color conversion characteristic is represented by 
the contents of the table (the values stored at the respective 
memory locations, or addresses) . That is, values representing 
a set of R3 , G3 , B3 to be output responsive to the input set 
of R2 , G2 , B2 are stored at memory locations corresponding to 
the values of the input set of R2 , G2 , B2. Accordingly, for 
the alteration of the color conversion characteristic, the 
values stored in the table are rewritten. 

The color-converted data R3 , G3 , B3 output from the color 
conversion means 2 are input to the image display data output 
means 4. The data R3 , G3 , B3 input to the image display data 
output means 4 are subjected to output image processing at the 
image display data output means 4, and output as image display 
data Rl , Gl, Bl to the image display means 5, which displays 
the image. The output image processing may involve one for tone 
correction processing suitable for the characteristic of the 
image display means 5. The image display means 5 may be one 
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comprising a liquid crystal panel, one comprising a CRT, or 
the like. 

Fig. 2 shows a measuring device and a computer system used 
for implementing the color conversion characteristic 
determining method according to the present embodiment. The 
measuring device 6 measures the tristimulus values of the image 
displayed on the image display means 5. The computer system 
7 is used to receive the outputs of the measuring device 6 to 
measure the characteristic of the image display means 5, and 
determine the color conversion characteristic. 

The computer system 7 comprises a processor 8, a program 
memory 9, a data memory 10, an I/O interfaces 11 and 12 for 
input from and output to external devices, and a bus 13 for 
coupling these members. The program memory 9 stores programs 
to be executed. The processor 8 operates according to the 
programs stored in the program memory 9 , to perform the 
processing shown in Fig. 3 and Fig. 4 for implementing the color 
conversion characteristic determining method. During such 
operation, the processor 8 writes and read data from the data 
memory 10. The programs stored in the program memory 9 may be 
stored in a separate recording medium 14 , and may be transferred 
to the program memory 9 when the processing shown in Fig. 3 
or Fig. 4 is executed. 

In the present embodiment, the determination of the color 
conversion characteristic is made by measuring the 
characteristic of the image display means, and utilizing the 
results of the measurement to determine the color conversion 
characteristic. The measurement of the characteristic of the 
image display means is performed when the image display means 
used is altered, so that once the characteristic is measured, 
the results of the measurement can be utilized as long as the 
same image display means is used. The determination of the 
color conversion characteristic is performed when design of 
any part of the image display device is altered, or the target 
reproduction is altered. 
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The procedure for measuring the characteristic of the image 
display means is first described with reference to Fig. 3, and 
then the determination of the color conversion characteristic 
utilizing the results of the measurement will be described with 
reference to Fig. 4. 

Fig. 3 is a flowchart showing the procedure of measuring 
the characteristic of the image display means according to the 
present embodiment. As was described above, the process is 
implemented using the measurement device 6 and the computer 
system 7 in Fig. 2. 

In Fig. 3, a reference mark Sll denotes a step of setting 
an image display device, S12 denotes a step of measuring 
tristimulus values, and S13 denotes a step of calculating 
characteristic coefficients . 

First, in step Sll, the image display device is so set that 
the image display data Rl , Gl, Bl input to the image display 
means 5 are equal to the input image data RO , GO, BO. 

Next, in step S12, tristimulus values of colors displayed 
on the image display means 5 are measured for a plurality of 
(e.g., 120) sets of input image data (each image data causes 
the same color throughout the screen) . 

Next, in step S13, values of ARij , AGij , ABij , Eik, and 
Xbk, Ybk, Zbk are determined as a least-squares solution using 
the sets of the input image data RO , GO, BO used in the step 
Sll, and the measured data obtained in the step S12. Details 
of determining the values will be described later. 

Fig. 4 is a flowchart showing the process of determining 
the color conversion characteristic, utilizing the results of 
the measurement of the characteristic of the image display means . 
This process is also performed using the computer system 7 in 
Fig. 2. 

In Fig. 4, S21 denotes a step of determining color 
conversion characteristic candidate, S22 denotes a step of 
generating input image data, S23 denotes a step of calculating 
predicted color-converted data, S24 denotes a step of 
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calculating predicted tris timulus values, S25 denotes a step 
of evaluating the predicted tristimulus values, S26 denotes 
a step of judgement, S27 denotes a step of altering the color 
conversion characteristic candidate, and S28 denotes a step 
of outputting the color conversion characteristic. 

In the color conversion characteristic candidate 
determination step S21, one color conversion characteristic 
candidate is selected as a candidate of a color conversion 
characteristic that is to be ultimately adopted. The color 
conversion characteristic candidate (initial value) used in 
step S21 may be any arbitrary one, or a standard one, or one 
that was adopted in the preceding color conversion 
characteristic determining process . 

When the color conversion characteristic candidate is 
determined in step S21, the next step is the input image data 
generation step S22. In the input image data generation step 
S22, predetermined sets of input image data (RO , GO, BO) , e.g. , 
60 sets of input image data are generated. Each of the sets 
of input image data generated in the step S22 corresponds to 
the input image data RO , GO , BO to the image display device 
shown in Fig. 1, and is an image data used for the evaluation 
of the color conversion characteristic candidate. 

The sets of the input image data that are utilized may be 
different depending on the color conversion characteristic 
which is being evaluated. For instance, when the design of the 
image display device is altered, or when the form of the input 
image data is altered, the sets of the input image data that 
are used may be altered. When there is a stipulation with 
regard to the image data to be used for evaluation for the target 
color reproduction, the image data specified by the stipulation 
should be included in the sets of the input image data. 

After the sets of input image data (RO , GO , BO) are generated 
in the input image data generation step S22, the next step is 
the predicted color-converted data calculation step S23. In 
the predicted color-converted data calculation step S23, the 
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color conversion characteristic candidate determined in the 
step S21 is used to calculate, from a plurality of (e.g. , 60) 
sets of input image data (R0, GO, BO) generated in the step 
S22 , a corresponding plurality of sets of predicted color- 
converted data (R3, G3 , B3) which are predicted values of a 
-corresponding plurality of (e.g. , 60) sets of color-converted 
data R3 , G3 , B3 in the image display device shown in Fig. 1. 
(The predicted color-converted data are designated by the same 
reference marks R3 , G3 , B3 , as the color-converted data. ) That 
is, each set of color- converted data (each of a plurality of 
(e.g., 60) sets of color-converted data) is calculated from 
a corresponding set of input image data (a corresponding one 
of plurality of (e.g., 60) sets of input image data. 

The predicted color-converted data can be calculated by 
simulating the operation of the input image data processing 
means 1 and the color conversion means 2 (which are formed of 
hardware) in the image display device shown in Fig. 1. 

Compared with the operation of hardware, the simulation 
by means of software takes longer time, but the simulation of 
the operation of hardware by means of software is easy. 

After the sets of predicted color-converted data (R3, G3 , 
B3) are calculated in the step S23 , the next step is the 
predicted tristimulus value calculation step S24. In the step 
S24, a corresponding plurality of (e.g. , 60) sets of predicted 
tristimulus values (X, Y, Z) which are predicted values of the 
tristimulus values of colors displayed on the image display 
means 5 are calculated from the corresponding plurality of 
(e.g. , 60) sets of predicted color-converted data (R3, G3 , B3) 
generated at the step S23 , using the characteristic of the image 
display means 5 shown in Fig. 1 . That is , each set of predicted 
tristimulus values (each of the plurality of (e.g., 60) sets 
of predicted tristimulus values) is calculated from the 
corresponding set of color-converted data (a corresponding one 
of the plurality of (e.g. , 60) sets of color-converted data) . 
Fig. 5 shows details of the processing in the predicted 
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tristimulus value calculation step S24. In the drawing, 
reference mark S31 denotes a step of calculating predicted image 
display data, and S32 denotes a step of calculating predicted 
tristimulus values based on the predicted image display data 
calculated at the step S31. 

In the predicted image display data calculation step S31, 
a plurality of (e.g. , 60) sets of predicted image display data 
(Rl, Gl, Bl) which are predicted values of image display data 
Rl , Gl, Bl of the image display device shown in Fig. 1 are 
calculated from a plurality of (e.g. , 60) of sets of predicted 
color-converted data (R3, G3 , B3) , which are calculated in the 
predicted color-converted data calculation step S23. (The 
predicted image display data are also denoted by the same 
reference marks Rl r Gl , Bl, as the image display data.) That 
is, each set of predicted image data (each of a plurality of 
(e.g. , 60) sets of predicted image display data) is calculated 
from a corresponding set of color-converted data (a 
corresponding one of plurality of (e.g., 60) sets of 
color-converted data) . 

The predicted image display data can be determined by 
simulating the operation of the image display data output means 
4 in the image display device shown in Fig. 1. For instance, 
when the image display data output means 4 performs tone 
correction processing, the same tone correction processing is 
applied to the predicted color-converted data by means of 
software, to determine the predicted image display data. 

An image display device which is not provided with an image 
display data output means 4 can be considered to be equivalent 
to an arrangement in which, in the image display device shown 
in Fig. 1, the image display data output means 4 outputs the 
color-converted data R3 , G3 , B3 without modification, as the 
image display data Rl , Gl , Bl. In such a case, in the 
determination of the color conversion characteristic, the set 
of predicted color-converted data (R3, G3 , B3) may be used as 
the set of predicted image display data (Rl, Gl , Bl) without 
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modification . 

When the sets of predicted image display data (Rl , Gl , Bl) 
are calculated in the predicted image display data calculation 
step S31, the next step is a step S32. In the step S32, a 
plurality of (e.g., 60) sets of predicted tristimulus values 
(X, Y, Z) which are predicted values of tristimulus values of 
colors displayed on the image display means 5 are calculated 
from the plurality of (e.g., 60) of sets of predicted image 
display data (Rl , Gl , Bl ) , using the characteristic of the image 
display means 5 of the image display device shown in Fig. 1. 
That is f each set of predicted tristimulus values (each of a 
plurality of (e.g. , 60) sets of predicted tristimulus values) 
is calculated from a corresponding set of predicted display 
image data (a corresponding one of a plurality of (e.g., 60) 
sets of predicted display image data) . 

For the calculation of the predicted tristimulus values 
(X, Y f Z) in the step S32, the following formulae (6), (7), 
(8), and (9) may be used. 
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In the formulae (6), (7), (8) and (9), ARij , AGij , ABij 
(i = 1 to 3 , j = 1 to 5) and Eik (i = 1 to 3, k = 1 to 9) represent 
coefficients . In the formulae (6 ) , (7 ) , (8) and (9 ) , ARij , AGij , 
ABij , Eik and Xbk, Ybk, Zbk represent values inherent to the 
characteristic of the image display means 5 in the image display 
device shown in Fig. 1. The values of ARij, AGij , ABij, Eik 
and Xbk, Ybk, Zbk can be determined by, for example, first 
setting the image display device such that the image display 
data input to the image display means 5 are equal to the input 
image data, measuring the tristimulus values of colors 
displayed on the image display means 5 for the plurality of 
(e.g. , 120) sets of input image data, and finding least-squares 
solution using the sets of input image data and the measured 
data obtained by the measurement, as described with reference 
to Fig. 3. > 

An example of determining the least-squares solution is 
described next. Let us suppose a situation where a function 
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f (x) is represented by a linear combination p(x , cO , cl, . . , 
cn ) , of a system of (n + 1) functions gO (x) , gl (x) , . . , gn (x) , 
given by the following formula (10) . 

p(x 9 cO, cl, • • • , cn) = cO x g-O(jc) + cl x gl(x) + • • • + c« x 

. . . (10) 

In the formula (1) , cO , cl , . . , cn represent coefficients. 
When the function values are given for (m + 1) discrete values 
xO, x 1 , x m , in the system of functions gO (x) , gl (x) , . . , 

gn (x) , the least-squares solution of c0 r cl , . . . , cn can be 
obtained by solving the following simultaneous equations (11) . 
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For instance, Arij in the above-mentioned formula (6) can 
be determined by setting: 
n = 4, 

Xmr, Ymr or Zmr = f (x) , 

gO (x) = R14 , 

gl (x) = R13, 

g2 (x) = R12 , 

g3 (x) = Rl , and 

g4 (x) =1. 

Here, Xmr, Ymr, and Zmr are measured values obtained when 
the input image data R0 , GO , BO are given by: 
R0 = R, 
GO = 0 , and 



and the image display data Rl , Gl, Bl will then be given by: 
Rl = R, 
Gl = 0, and 
Bl = 0. 

Xr, Yr, Zr obtained by the formula (6) are predicted values 
of tristimulus values, according tothe XYZ color system, of 
the colors displayed on the image display means 5, responsive 
to Rl which is a red component of the predicted image display 
data, Xg, Yg , Zg obtained by the formula (7) are predicted 
values of tristimulus values , according to the XYZ color system, 
of the colors displayed on the image display means 5 , responsive 
to Gl which is a green component of the predicted image display 
data. Xb r Yb , Zb obtained by the formula (8) are predicted 
values of tristimulus values , according to the XYZ color system, 
of the colors displayed on the image display means 5 , responsive 
to Bl which is a blue component of the predicted image display 
data. X, Y, Z obtained by the formula (9) are predicted 
tristimulus values which are predicted values of the 
tristimulus values, according tothe XYZ color system, of the 
colors displayed on the image display means 5, responsive to 
the predicted image display data. 

An advantage obtained by determining the predicted 
tristimulus values in accordance with the formulae (6) , (7) , 
(8) and (9) will be explained next. 

An alternative method of determining the predicted 
tristimulus values from the predicted image display data is 
one using the following formulae (12) and (13) . 

i?10 = 255*(i?l/255) r 
G10 = 255*(Gl/255) r 
£10 = 255*(Bl/255) r 

. . . (12) 
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Here, y denotes a value representing a tone characteristic 
of the image display means. Xbkl, Ybkl , Zbkl denote 
tristimulus values displayed on the imae display means 5 when 
black is displayed (i.e., when (Rl, Gl , Bl) = (0, 0, 0)). 

Xrl, Yrl f Zrl denote values obtained by subtracting Xbkl, 
Ybkl , Zbkl from the tristimuls values displayed on the image 
display means 5 when red is displayed (i.e. , when (Rl, Gl, Bl) 
= (255, 0, 0)). Xgl, Ygl, Zgl denote values obtained by 
subtracting Xbkl, Ybkl, Zbkl from the tristimuls values 
displayed on the image display means 5 when green is displayed 
(i.e. , when (Rl r Gl, Bl) = (0, 255, 0)). Xbl , Ybl , Zbl denote 
values obtained by subtracting Xbkl, Ybkl , Zbkl from the 
tristimuls values displayed on the image display means 5 when 
blue is displayed (i.e. , when (Rl, Gl, Bl) = (0, 0 , 255)). The 
values of Xrl , Yrl , Zrl , Xgl , Ygl , Zgl , Xbl , Ybl , Zbl , and Xbkl , 
Ybkl, Zbkl can be obtained by, for example, setting the image 
display device such that the image display data input to the 
image display means 5 are equal to the input image data, and 
measuring the tristimulus values of colors displayed on the 
image display means 5 for the respective sets of input image 
data . 

In the formulae (12) , and (13) , the image display data are 
assumed to be an integer of 8 bits, i.e. , an integer of from 
0 to 2 55 . The formulae (12 ) , and ( 13 ) are based on an assumption 
that the image display mean 5 satisfies the following two 
conditions. First, the law of an ideal additive mixing of 
colors holds. That is, the Grassmann's law holds. Secondly, 
the image display means 5 has the tone characteristic expressed 
by the following formula (14). 



. . . (14) 

Fig. 6 shows an xy chromaticity diagram showing a 
comparison, with the measured values, of the results of 
calculation of the predicted tristimulus values of displayed 
colors in accordance with the formulae (12) and (13) , using 
a certain liquid crystal display device. It will be seen that 
there are considerable differences between the predicted 
tristimulus values and the measured values. The color 
difference obtained by the color difference formula, according 
to the CIE1976 L*a*b* color system, between the predicted 
tristimulus values according to the formulae (12) and (13), 
and the measured values were 4.01 on average, and 10.98 at the 
maximum. The predicted tristimulus values and the measured 
values, and their color differences were obtained for the 159 
colors shown in Fig. 7. 

In contrast, the color differences by the color difference 
formula, according to the CIE1976 L*a*b* color system, between 
the predicted tristimulus values determined according to the 
formulae (6) , (7) , (8) , and (9) and the measured values were 
2.02 on average, and 15.50 at the maximum. The predicted 
tristimulus values and the measured values, and the color 
differences were also obtained for the 159 colors shown in Fig. 
7. By determining the predicted tristimulus values of the 
displayed colors according to the formulae (6) , (7) , (8) , and 
(9), the average of the color differences from the measured 
values can be reduced. In other words, the accuracy of 
calculation of the predicted tristimulus values can be 
improved. 

For. determining the color conversion characteristic by 
which the color reproduction of the image display device is 
made to approach (be closer to) the target color reproduction 
of sRGB or the like, it is necessary to minimize the color 
difference between the colors displayed on the image display 
device as a result of using the calculated color conversion 
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characteristic, and the target color reproduction. Where the 
color conversion characteristic for a plurality of image 
display devices manufactured under the same design standard 
may be determined either by determining a color conversion 
characteristic for each image display device, or by determining 
a color conversion characteristic for a typical image display 
device that has been chosen from among a plurality of image 
display devices. The image display devices manufactured under 
the same design standard may have differences in the color 
reproduction characteristic, due for example to differences 
in the characteristic of the image display means . Accordingly , 
the color reproduction of a higher accuracy can be obtained 
if the color conversion characteristic is determined for each 
image display device. However, this means that' the 
determination of the color reproduction characteristic needs 
to be repeated for the number of image display devices 
manufactured, and an enormous amount of time will be required. 
For this reason, a usual practice is to select a typical image 
display device from among a plurality of image display devices 
of the same design standard, and determine the color conversion 
characteristic for this selected image display device. In this 
case, the accuracy with which the color conversion 
characteristic for the typical image display device is 
determined should be as high as possible, to allow for the 
degradation of the accuracy in the color conversion 
characteristics of the image display devices other than the 
typical image display device, due to the differences in the 
color conversion characteristic. In this case, the color 
difference for the typical image display device is made to be 
not more than 3 (at the worst) , with the target value being 
about 1 , in a state in which the color conversion characteristic 
has just been determined. When the average of the differences 
between the predicted tristimulus values and the measured 
values is 3 or more, it is extremely difficult to make less 
than 3 the color difference for the measured values of the 
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individual image devices. 

There are two factors which degrade the accuracy of 
calculation of the predicted tristimulus values according to 
the formulae (12) and (13) . The first factor is that the tone 
characteristic of the image display means is not necessarily 
represented by the formula (14) . The second factor is that the 
image display means does not necessarily satisfy the law of 
ideal additive mixture. For instance, it has been confirmed 
by measurement that, in some TN ( twisted-nematic) liquid 
crystals used in a liquid crystal display devices, the spectral 
transmittance characteristic of the liquid crystal varies with 
the variation in the input signal (i.e., the variation in the 
applied voltage) . The variation in the spectral transmittance 
characteristic of the liquid crystal directly affects the ratio 
between the tristimulus values of colors displayed on the liquid 
crystal display, and in such a case, the law of ideal additive 
mixture does not hold. The variation of the spectral 
transmittance of the liquid crystal against the variation in 
the applied voltage is due to the fact that the actual TN liquid 
crystal is associated not only optical rotary, but is also 
associated with a certain degree of double refraction. 
Moreover, when a crosstalk is present between color channels 
in an image image display means, the law of ideal additive 
mixture does not hold. For instance, in a liquid crystal 
display device, when red is displayed, no light should transmit 
in the green and blue cells. Where some light transmit in the 
green and blue cells, the law of ideal additive mixture does 
not hold. 

After the plurality of (e.g., 60) sets of predicted 
tristimulus values are calculated in the step S24 in Fig. 4, 
the next step is the predicted tristimulus value evaluation 
step S25. In the step S25, the predicted tristimulus values 
are evaluated using the tristimuls values in the target color 
reproduction as a reference, and the color conversion 
characteristic used for the calculation of the predicted 
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tristimulus values are thereby evaluated. 

Fig. 8 shows details of the processing in the predicted 
tristimulus value evaluation step S25. In Fig. 8, reference 
mark S41 denotes a target tristimulus value calculation step, 
S42 denotes a color difference calculation step, and S43 denotes 
a color difference comparison/ j udgement step. 

First, in the step S41, a plurality of (e.g., 60) sets of 
target tristimulus values, which are the tristimulus values 
in the target color reproduction are calculated from the 
plurality of (e.g., 60) sets of input image data (R0, GO, BO) 
generated in the input image data generation step S22. The 
target tristimulus values can be calculated according to the 
definition of the target color reproduction. For instance, 
when the target color reproduction is a sRGB color space defined 
by IEC 61966-2-1, the target tristimuls values can be calculated 
according to the procedure prescribed for calculation of the 
tristimulus values of colors to be displayed responsive to the 
input image data. 

The IEC61966-2-1 provides a formula for determining the 
tone-converted data obtained by tone-conversion from the input 
image data according to the prescribed tone characteristic, 
and a formula for determining the tristimulus values from the 
tone-converted data. Through calculation according these 
formulae, the target tristimulus values can be calculated. 

After the sets of target tristimulus values are calculated 
in the step S41, the next step is the color difference 
calculation step S42. In the step S42, the group of color 
differences between the sets of predicted tristimulus values, 
and the sets of target tristimulus values are calculated. 

The color differences between the predicted tristimulus 
values and the target tristimulus values can be determined for 
example according to the color difference formula based on the 
CIE1976 L*a*b* color system. The CIE1976 L*a*b* color system 
is one of the color systems recommended by the CIE (Commission 
Internationale de 1'ficlairage) in 1976, and is a uniform color 
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space in which a distance between two colors in the coordinate 
is made to correspond to the perceptual color difference at 
any part. The color difference formula based on the CIE1976 
L*a*b* color system is generally used for calculation of the 
color difference. 

The color differences between the predicted tristimulus 
values and the target tristimulus values can also be determined 
according to the CIE1994 color difference formula. The CIE1994 
color difference formula were obtained by modifying the color 
difference formula based on the CIE1976 L*a*b* color system 
so that the magnitudes of the color differences determined 
coincide more closely with the perceptual color differences. 

After the group of color differences between the sets of 
the predicted tristimulus values and the sets of the target 
tristimulus values are calculated in the step S42, the next 
step is the color difference comparison/ judgement step S43. 
In the step S43 , the group of the color differences between 
the sets of the predicted tristimulus values and the sets of 
the target tristimulus value calculated in the step S42 are 
compared with a predetermined reference value. In the 
comparison of the group of the color differences with the 
reference value, the maximum value of the color differences 
may be compared with a reference value, or an average value 
of the color differences may be compared with a reference value. 
In the step S42, the color differences are evaluated based on 
the results of comparison of the group of the color difference 
with the reference value, and the result of the evaluation is 
output. The result of the evaluation may be "OK" (indicating 
that the result is satisfactory) if the maximum value or the 
average value of the group of the color differences is smaller 
than reference value, and may otherwise be "NG" (indicating 
that the result is not satisfactory) . 

After the result of evaluation is output at the step S43, 
the next step is the judgement step S26. When the result of 
the evaluation indicates "OK, 99 the next step is the color 
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conversion characteristic output step S28. When the result of 
the evaluation indicates "NG, " the next step is the new color 
conversion characteristic candidate determination step S27. 
In the step S28, the current color conversion characteristic 
candidate is adopted and output as the color conversion 
characteristic which satisfies the requirement, and 
the determination of the color conversion characteristic is 
terminated. The thus-determined color conversion 
characteristic is stored and held in the color conversion 
characteristic holding means 3, and utilized during the 
operation of the image display device, as described above. 

In the new color conversion characteristic candidate 
determination step S27 , a new color conversion characteristic 
candidate is determined, and the next step is again the input 
image data generation step S22 . In one method for determining 
the new color conversion characteristic candidate, the current 
color conversion characteristic candidate (the color 
conversion characteristic candidate used in the immediately 
preceding step S23 , i.e., color conversion characteristic 
candidate used in the immediately preceding processing) is 
modified by varying only one component for one color. For 
instance, if the color conversion characteristic comprises the 
color conversion characteristic for red, the color conversion 
characteristic for green, and the color conversion 
characteristic for blue, only one component of the color 
conversion characteristic for red, for example may be varied 
from the current color conversion characteristic candidate to 
generate a new color conversion characteristic candidate. 

The selection or determination of the color conversion 
characteristic candidate in the step S27 may be implemented 
by selecting, in a prescribed order, a plurality of color 
conversion characteristic candidates which are provided in 
advance. The selection or determination may also be 
implemented by relying on the experience of the operator. 
Still alternatively, a method may be adopted in which, if the 
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color difference is increased responsive to a variation (e.g. , 
increase) of one component, then the same component is varied 
in the reverse direction (e.g., decreased) in the next step. 

If the result of evaluation is "NG" for all the color 
conversion characteristic candidates, then the color 
conversion characteristic candidate exhibiting the smallest 
color difference, from among all the color conversion 
characteristic candidates may be adopted as the color 
conversion characteristic . 

The color conversion characteristic determining method 
according to the present embodiment performs the determination 
of the color conversion characteristic in the manner described 
above. Since the color conversion characteristic is 
determined by determining and evaluating the predicted 
tristimulus values for sets of the input image data and color 
conversion characteristic candidates, it is not necessary to 
measure the tristimulus values of colors displayed on the image 
display means each time the color conversion characteristic 
candidate is varied, and the tristimulus values of colors 
displayed on the image display means need to be measured only 
when the characteristic of the image display means is determined. 
For this reason, the time required for the determination of 
the color conversion characteristic can be substantially 
reduced. 

The measurement of the tristimuls values of colors 
displayed on the image display means generally takes several 
seconds for each color, or more than one minutes (for each color) 
in the case of a high-precision measurement. For instance, if 
the method of Fig. 11 is adopted, and setting of the color 
conversion characteristic candidate and measurement for the 
purpose of confirmation of 60 sets of input image data for 60 
kinds (60 colors) are repeated, and if it takes 10 seconds for 
each color, 10 miniutes will be required for each color 
conversion characteristic candidate because the tristimulus 
values of colors displayed for each color conversion 



characteristic candidate are respectively measured. If the 
determination of the color conversion characteristic candidate 
is repeated 50 times , the total time required for the 
determination of the color conversion characteristic 
(measurements for the determination) will be 500 miniutes. 

In contrast, according to the color conversion 
characteristic determining method of this embodiment, the 
tristimulus values of colors displayed on the image display 
means need to be measured only at the time of determining the 
characteristic of the image display means. If tristimulus 
values of 120 colors are measured at the time of determining 
the characteristic of the image display means, the total time 
required for the measurement will be 20 minutes. 

If the calculation of the predicted tristimulus values, 
the calculation of the color difference, and the like are 
implemented by a computer, the time required for each color 
conversion characteristic candidate is at most several seconds . 
If this is assumed to be five seconds, the time required for 
repeating it 50 times is 250 seconds, or 4.167 minutes. The 
sum of this time length and the time (20 minutes) for the 
measurement of the characteristic of the image display means 
is 24.167 minutes, which is substantially shorter than 500 
minutes, required by the method of Fig. 11. 

If a desired result were obtained by just a small number 
of cycles or repetitions (in an extreme case, just one cycle) 
of setting of the color conversion characteristic candidate, 
and measurement for the purpose of confirmation, then the total 
time would be shorter with the method of Fig. 11 (If the desired 
result were obtained by just one cycle, the total time required 
would be 10 minutes) . However, in general, it is necessary to 
repeat the cycles of setting the color conversion 
characteristic candidate, and confirmation, more than 30 
times . 

The difference in the time required for the determination 
of the color conversion characteristic is greater when the 
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measurement is performed at a higher accuracy, or it is 
necessary to measure the tristimulus values of colors displayed 
for a greater amount of image data, or when the number of 
repetitions (or cycles) of the determination of the color 
conversion characteristic candidate is increased. 

Moreover, in the color conversion characteristic 
determining method of the present embodiment, the color 
conversion characteristic is determined by comparing the 
predicted tristimulus values and the tristimulus value in the 
target color reproduction, it is possible to determine the color 
conversion characteristic realizing a color reproduction close 
to the ideal color reproduction according to the sRGB or NTSC 
standard. As a result, even if the operator does not have a 
clear idea of the image in the target color reproduction, it 
is possible to determine the color conversion characteristic. 

Moreover, an image display device using the color 
conversion characteristic determined by the color conversion 
characteristic determining method of the present embodiment 
requires a less cost relating to the determination of the color 
conversion characteristic because the time required is shorter. 
Furthermore, since the color conversion characteristic 
calculated at a high accuracy are used, a color reproduction 
which is very close to the target color reproduction can be 
obtained. 
Embodiment 2 . 

In Embodiment 1, the formula (6) was used to calculate the 
predicted values Xr , Yr, and Zr of the tristimulus values, 
according to the XYZ color system, of the colors displayed on 
the image display means, responsive to the red component Rl 
of the predicted image display data; the formula (7) was used 
to calculate the predicted values Xg, Yg, and Zg of the 
tristimulus values, according to the XYZ color system, of the 
colors displayed on the image display means, responsive to the 
green component Gl of the predicted image display data; and 
the formula (8) was used to calculate the predicted values Xb , 
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Yb, and Zb of the tristimulus values, according to the XYZ color 



system, of the colors displayed on the image display means, 
responsive to the blue component Bl of the predicted image 
display data. However, it is possible to determine the 
predicted monochromatic tristimulus values Xr , Yr, Zr, Xg, Yg, 
Zg, Xb , Yb and Zb by other formulae. 

The following formulae (15), (16), and (17) are for 
determining the predicted monochromatic tristimulus values Xr , 
Yr, Zr, Xg, Yg , Zg, Xb , Yb , and Zb in Embodiment 2 of the present 
invention. In the formulae (15), (16), and (17), ARij , AGij , 
ABij (i = 1 to 3, j = 1 to 7) represent coefficients. The 
predicted tristimulus values is calculated from the predicted 
monochromatic tristimulus values by the formulae (9), as in 
Embodiment 1. The processings other than the determination of 
the predicted monochromatic tristimulus values are identical 
to those in Embodiment 1. 
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Where the formulae (15) , (16) , and (17) were used to 
calculate the predicted monochromatic tristimulus values, and 
the formula (9) was used to calculate the predicted tristimulus 
values from the predicted monochromatic tristimulus values, 
for a certain liquid crystal display device, the average value 
of the color differences between the predicted tristimulus 
values and the measured values , according to the color 
difference formula based on the CIE1976 L*a*b* color system 
was 1.24, and the maximum value thereof was 5.05. The color- 
difference was determined for 159 colors shown in Fig. 7, as 
it was for the Embodiment 1 . 

When the color conversion characteristic determining 
method according to Embodiment 1 was applied to the same liquid 
crystal display device, and the formulae (6) , (7) , and (8) were 
used to calculate the predicted monochromatic tristimulus 
values, and the formula (9) was used to calculate the predicted 
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tristimulus values from the predicted monochromatic 
tristimulus values, the average value of the color differences 
between the predicted tristimulus values and the measured 
values determined according to the color difference formula 
based on the CIE1976 L*a*b* color system was 2.02, and its 
maximum was 15.50. 

As has been described, by using the formulae (15) , (16) , 
and (17) to calculate the predicted monochromatic tristimulus 
values Xr, Yr, Zr, Xg, Yg , Zg, Xb f Yb , and Zb, the average value 
and the maximum value of the color differences between the 
predicted tristimulus values and the measured values can be 
reduced further. In other words, the accuracy of determining 
the predicted tristimulus values can be improved. 
Embodiment 3 . 

In Embodiment 2, the formula (15) was used to calculate 
the predicted values Xr, Yr, and Zr of the tristimulus values, 
according to the XYZ color system, of the colors displayed on 
the image display means, responsive to the red component Rl 
of the predicted image display data; the formula (16) was used 
to calculate the predicted values Xg , Yg , and Zg of the 
tristimulus values, according to the XYZ color system, of the 
colors displayed on the image display means, responsive to the 
green component Gl of the predicted image display data; and 
the formula (17) was used to calculate the predicted values 
Xb , Yb, and Zb of the tristimulus values, according to the XYZ 
color system, of the colors displayed on the image display means , 
responsive to the blue component Bl of the predicted image 
display data. However, it is possible to determine the 
predicted monochromatic tristimulus values Xr, Yr, Zr, Xg , Yg , 
Zg, Xb, Yb and Zb by other formulae. 

The following formulae (18) , (19) , and (20) are for 
determining the predicted monochromatic tristimulus values Xr, 
Yr, Zr, Xg, Yg , Zg, Xb , Yb , and Zb in Embodiment 3 of the present 
invention. In the formulae (18), (19), and (20), ARij , AGij , 
ABij (i = 1 to 3, j = 1 to 9) represent coefficients. The 



-39- 



predicted tristirnulus values is calculated from the predicted 
monochromatic tristirnulus values by the formulae (9) , as in 
Embodiment 2. The processings other than the determination of 
the predicted monochromatic tristirnulus values are identical 
to those in Embodiment 2. 
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Where the formulae (18), (19) , and (20) were used to 
calculate the predicted monochromatic tristimulus values, and 
the formula (9) was used to calculate the predicted tristimulus 
values from the predicted monochromatic tristimulus values, 
for a certain liquid crystal display device, the average value 
of the color differences between the predicted tristimulus 
values and the measured values, according to the color 
difference formula based on the CIE1976 L*a*b* color system 
was 1.12, and the maximum value thereof was 4.54. The color 
difference was determined for' 159 colors shown in Fig. 7, as 
it was for the Embodiment 2. 

When the color conversion characteristic determining 
method according to Embodiment 2 was applied to the same liquid 
crystal display device, and the formulae (15) , (16) , and (17) 
were used to calculate the predicted monochromatic tristimulus 
values, and the formula (9) was used to calculate the predicted 
tristimulus values from the predicted monochromatic 
tristimulus values, the average value of the color differences 
between the predicted tristimulus values and the measured 
values determined according to the color difference formula 
based on the CIE1976 L*a*b* color system was 1.24, and its 
maximum was 5.05. 

As has been described, by using the formulae (18) , (19) f 
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and (20) to calculate the predicted monochromatic tristimulus 
values Xr, Yr, Zr, Xg, Yg, Zg, Xb , Yb , and Zb, the average value 
and the maximum value of the color differences between the 
predicted tristimulus values and the measured values can be 
reduced further. In other words, the accuracy of determining 
the predicted tristimulus values can be improved. 
Embodiment 4. 

In Embodiment 3, the formula (18) was used to calculate 
the predicted values Xr, Yr, and Zr of the tristimulus values, 
according to the XYZ color system, of the colors displayed on 
the image display means, responsive to the red component Rl 
of the predicted image display data; the formula (19) was used 
to calculate the predicted values Xg, Yg, and Zg of the 
tristimulus values, according to the XYZ color system, of the 
colors displayed on the image display means, responsive to the 
green component Gl of the predicted image display data; and 
the formula (20) was used to calculate the predicted values 
Xb, Yb, and Zb of the tristimulus values, according to the XYZ 
color system , of the colors displayed on the image display means , 
responsive to the blue component Bl of the predicted image 
display data. However, it is possible to determine the 
predicted monochromatic tristimulus values Xr, Yr , Zr, Xg, Yg , 
Zg, Xb, Yb and Zb by other formulae. 

The following formulae (21), (22) , and (23) are for 
determining the predicted monochromatic tristimulus values Xr , 
Yr , Zr, Xg, Yg , Zg, Xb , Yb , and Zb in Embodiment 4 of the present 
invention. In the formulae (21) , (22) , and (23) , ARij , AGij , 
ABij ( i = 1 to 3 , j = 1 to 11) represent coefficients. The 
predicted tristimulus values is calculated from the predicted 
monochromatic tristimulus values by the formulae (9), as in 
Embodiment 3. The processings other than the determination of 
the predicted monochromatic tristimulus values are identical 
to those in Embodiment 3 . 
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Where the formulae (21) , (22) , and (23) were used to 
calculate the predicted monochromatic tristimulus values, and 
the formula (9) was used to calculate the predicted tristimulus 
values from the predicted monochromatic tristimulus values, 
for a certain liquid crystal display device, the average value 
of the color differences between the predicted tristimulus 
values and the measured values, according to the color 
difference formula based on the CIE1976 L*a*b* color system 
was 1.13, and the maximum value thereof was 4.17. The color 
difference was determined for 159 colors shown in Fig. 7, as 
it was for the Embodiment 3. 

When the color conversion characteristic determining 
method according to Embodiment 3 was applied to the same liquid 
crystal display device, and the formulae (18) , (19) , and (20) 
were used to calculate the predicted monochromatic tristimulus 
values, and the formula (9) was used to calculate the predicted 
tristimulus values from the predicted monochromatic 
tristimulus values, the average value of the color differences 
between the predicted tristimulus values and the measured 
values determined according to the color difference formula 
based on the CIE1976 L*a*b* color system was 1.12, and its 



maximum was 4.54. 

As has been described, by using the formulae (21) , (22) , 
and (23) to calculate the predicted monochromatic tristimulus 
values Xr, Yr, Zr, Xg r Yg , Zg, Xb , Yb , and Zb , the maximum value 
of the color differences between the predicted tristimulus 
values and the measured values can be reduced further. 
Embodiment 5. 

In Embodiment 4 r the formula (9) was used to calculate the 
predicted tristimulus values X, Y and Z from the predicted mon 
ochromatic tristimulus values Xr, Yr, Zr, Xg, Yg f Zg, Xb, Yb , 
and Zb. The predicted tristimulus values X, Y, and Z can be 
determined using other formulae. 

The following formula (4) is for determining the predicted 
tristimulus values X, Y, and Z according to Embodiment 5 of 
the present invention. In the formula (4), Eik (i = 1 to 3, 
k = 1 to 30) are coefficients. The predicted monochromatic 
tristimulus values are determined using the formulae (21) , (22) 
and (23) as in Embodiment 4. The processings other than the 
determination of the predicted tristimulus values are 
identical to those in Embodiment 4 . 
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Where the formulae (21) , (22) , and (23) were used to 
calculate the predicted monochromatic tristimulus values, and 
the formula (4) was used to calculate the predicted tristimulus 
values from the predicted monochromatic tristimulus values, 
for a certain liquid crystal display device, the average value 
of the color differences between the predicted tristimulus 
values and the measured values, according to the color 
difference formula based on the CIE1976 L*a*b* color system 
was 0.59, and the maximum value thereof was 7.93. The color 
difference was determined for 159 colors shown in Fig. 7, as 
it was for the Embodiment 4. 

When the color conversion characteristic determining 
method according to Embodiment 4 was applied to the same liquid 
crystal display device, and the formulae (21) , (22) , and (23) 
were used to calculate the predicted monochromatic tristimulus 
values, and the formula (9) was used to calculate the predicted 
tristimulus values from the predicted monochromatic 
tristimulus values, the average value of the color differences 
between the predicted tristimulus values and the measured 
values determined according to the color difference formula 
based on the CIE1976 L*a*b* color system was 1.13, and its 
maximum was 4.17. 

As has been described, by using the formulae (4) to 
calculate the predicted tristimulus values X, Y, and Z, the 
average value of the color differences between the predicted 
tristimulus values and the measured values can be reduced 
further. In other words, the general accuracy of determining 
the predicted tristimulus values can be improved. 
Embodiment 6. 

In Embodiment 5, the formula (4) was used to calculate the 
predicted tristimulus values X, Y and Z from the predicted 
monochromatic tristimulus values Xr, Yr, Zr, Xg, Yg , Zg, Xb , 
Yb, and Zb. The predicted tristimulus values X, Y, and Z can 
be determined using other formulae. 

The following formula (5) is for determining the predicted 
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tri stimulus values X, Y f and Z according to Embodiment 5 of 
the present invention. In the formula (5), Eik (i = 1 to 3 , 
k = 1 to 39) are coefficients. The predicted monochromatic 
tristimulus values are determined using the formulae (21) , (22) 
and (23) as in Embodiment 5. The processings other than the 
determination of the predicted tristimulus values are 
identical to those in Embodiment 5. 
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Where the formulae (21) , (22), and (23) were used to 
calculate the predicted monochromatic tristimulus values, and 
the formula (5) was used to calculate the predicted tristimulus 
values from the predicted monochromatic tristimulus values, 
for a certain liquid crystal display device, the average value 
of the color differences between the predicted tristimulus 
values and the measured values , according to the color 
difference formula based on the CIE1976 L*a*b* color system 
was 0.52, and the maximum value thereof was 5.50. The color 
difference was determined for 159 colors shown in Fig. 7, as 
it was for the Embodiment 5. 

When the color conversion characteristic determining 
method according to Embodiment 5 was applied to the same liquid 
crystal display device, and the formulae (21) , (22) , and (23) 
were used to calculate the predicted monochromatic tristimulus 
values, and the formula (4) was used to calculate the predicted 
tristimulus values from the predicted monochromatic 
tristimulus values, the average value of the color differences 
between the predicted tristimulus values and the measured 
values determined according to the color difference formula 
based on the C1E1976 L*a*b* color system was 0.59, and its 
maximum was 7.93. 

Fig. 9 is an xy chromaticity diagram showing the results 
of the calculation of the predicted tristimulus values 
according to the color conversion characteristic determining 
method of the present embodiment, and the measured values. It 
is seen that the 

predicted tristimulus values and the measured values are fairly 
close to each other. 

As has been described, by using the formulae (5) to 
calculate the predicted tristimulus values X, Y, and Z, the 
average value and the maximum value of the color differences 
between the predicted tristimulus values and the measured 
values can be reduced further. In other words, the accuracy 



of determining the predicted tristimulus values can be 
improved. 

In the various embodiments, the measurement of the 
characteristic of the image display means is performed for 120 
colors, and the calculation of the predicted tristimulus values 
for the determination of the color conversion characteristic 
is performed for 60 colors. The invention is ' not limited to 
these numbers of colors. For instance, the measurement of the 
characteristic of the image display means may be conducted for 
159 colors shown in Fig. 5. 
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